The authors have analyzed a total of 96 consecutive cases in which vasospasm followed subarachnoid hemorrhage (SAH). The SAH was caused by ruptured intracranial aneurysm or developed after aneurysm surgery. Usually at least 4 days elapsed between SAH and the onset of vasospasm. Vasospasm subsided an average of 2 weeks after onset. Of 68 patients with preoperative vasospasm, eight died due to cerebral edema resulting from ischemia, and 49% of the survivors had neurological deficits. Preoperative vasospasm was not aggravated by surgical intervention when operations were carried out more than 7 days after the onset of vasospasm. Postoperative vasospasm was found in 25 of 52 patients who underwent operation within 1 week after SAH (excluding cases in Grade V). Five of these patients died, all of whom underwent surgery between the fourth and seventh day after SAH (the day of SAH was counted as the first day). There were no deaths among 20 patients operated on within the first 3 days after SAH. Postoperative vasospasm was always mild in these cases, when it occurred, probably because blood clot or blood-stained cerebrospinal fluid was removed by operative procedures. In all cases, 4 to 11 days elapsed between the last SAH and the onset of postoperative vasospasm regardless of the timing of surgery.
A
FTER intracranial aneurysms rupture and subarachnoid hemorrhage (SAH) occurs, the patient's condition may deteriorate in different ways, the most common of which is disturbance of the level of consciousness. The reasons for consciousness disturbance differ from case to case and according to the time course after the onset of SAH. Of 428 cases of intracranial aneurysms experienced in our clinics, 406 had SAH.
Consciousness disturbance was found in 58 patients with preoperative rupture and SAH between the first day (the day of rupture) and the sixth day, in 71 patients between the seventh and 14th day after rupture, and in 36 patients after the 15th day postrupture. The chief causes for consciousness disturbance are listed in Table 1 , and it can be seen that in the treatment of intracranial aneurysms, vasospasm following SAH is one of the crucial factors affecting the prognosis of a patient, s,8.'.sS,58 Moreover, it is generally accepted that vasospasm is often associated with diminished cerebral blood flow *~,8~ and neurological deterioration suggesting cerebral ischemia or infarction, as,s2,',5~ although some authors doubted t2,2".26.88,5~,~ or denied 89 this association. It has been reported that vasospasm was noted not infrequently in angiograms carried out in the early stage after SAH) ,18,5Ht It has been considered dangerous to operate when vasospasm is evident.S,-,-,-,el In this paper, we have analyzed carotid angiograms and neurological status of patients with regard to the relationship of the time elapsed between the onset of vasospasm and the last SAH to the course of vasospasm. We have also discussed the various types of vasospasm and their prognosis, results of operations on aneurysms in cases with vasospasm, and follow-up results of all cases that showed vasospasm during hospital stays. *ICA = internal carotid artery; PCoA = posterior communicating artery; ICA-PCoA includes ophthalmic arteries; AChA = anterior choroidal artery; ACA = anterior cerebral artery; ACoA = anterior communicating artery; MCA = middle cerebral artery.
tNumbers in parentheses indicate patients who died. A total of eight (14.3 %) died when operated on within a week of SAH, and 13 (3.9%) later than a week.
according to Hunt's system" ( Table 3 ). The total operative mortality was 5.4%. Of the 428 patients, a total of 96 demonstrated vasospasm during their clinical courses: 68 cases showed vasospasm preoperatively and 28 cases, postoperatively.
A ngiographic Demonstration of Vasospasm
Bilateral carotid angiography and vertebral angiography were performed within 1 or 2 days after admission under local anesthesia by the Seldinger method or direct punctures, with 10 cc of Conray in each injection. In more than two-thirds of the cases, serial angiograms were obtained in anteroposterior and lateral projections. Carotid angiography
Clinical Materials and Methods
During the last 7 years, microsurgery has been introduced in direct operations on intracranial aneurysms. Of 428 cases admitted up to October, 1976, a total of 388 patients with aneurysms underwent direct operations using microsurgical techniques at the University of Tokyo Hospital and its affiliated hospitals. One of the authors took part in all of these operations. The interval between the last SAH and operation on these patients is given in Table 2 . The operative results were graded was repeated when patients showed clinical deterioration before or after operation or in cases in which the first angiograms demonstrated vasospasm. Repeated angiograms were obtained at intervals of a few days on the side demonstrating vasospasm until vasospasm was relieved or the aneurysm operation was planned. A total of 308 carotid angiograms were performed in these 96 cases, an average of 3.2 per patient.
In all our cases but one, angiographic vasospasm was at some time associated with neurological signs and symptoms. In the one case, no neurological manifestation was found in spite of repeated demonstration of a slight reversible narrowing in caliber of the cerebral arteries. This case was excluded from the series.
The onset of vasospasm was estimated to be due to vasospasm by angiography done immediately or several days later. In cases with clinically significant vasospasm there was usually no, or at most 1 day's, delay between angiographic demonstration of vasospasm and the beginning of the symptoms.
Treatment of Ruptured Aneurysms
Patients with preoperative vasospasm were treated by administration of prednisolone at doses of 80 to 160 mg daily. They underwent operation soon after the symptoms of vasospasm, especially disturbance of consciousness, began to subside. Patients with intracranial hematoma or acute hydrocephalus underwent evacuation or ventricular drainage before direct surgical attack on the aneurysm. Patients demonstrating disturbance of consciousness because of severe SAH were given Trasylol (proteinase inhibitor) until they recovered sufficiently to undergo an operation. Patients without disturbance of consciousness (Hunt's Grade I or II) underwent operation as early as possible. Direct aneurysm surgery was performed under the microscope in most cases without administration of hypotensive drugs.
Summary of Cases

Onset and Course of Preoperative Vasospasm
A summary of the onset and course of vasospasm in 68 cases is illustrated in Table  4 . In cases of multiple aneurysms, the location for the ruptured aneurysm is given. In no case was vasospasm identified before the fifth day after SAH (day of last SAH is the first day) (Fig. 1 ) This is also true in other reported cases with angiographic vasospasm in this period, as will be discussed later. The latest appearance of vasospasm was on the 16th day after SAH (Case 68). Of the 68 cases, 45 (66%) first demonstrated symptoms due to vasospasm between 6 and 9 days after the last SAH. The average interval between SAH and the onset of vasospasm was 7.7 4-2.6 days (mean 4-SD). That is, when vasospasm occurred following SAH, the patient, after recovering from the attack of SAH, began to show symptoms described below around the beginning of the second week after SAH. Of these 68 cases, 13 had already suffered SAH between 1 and 5 days before the last SAH, and the older SAH, which was usually minor, did not seem to hasten the onset of the vasospasm.
Symptoms due to vasospasm are listed in Table 5 in relation to the location of aneurysms. In patients with internal carotid (ICA) aneurysms, including ophthalmic, internal carotid-posterior communicating (ICAPCoA), anterior choroidal, and carotid bifurcation aneurysms, disturbance of consciousness with hemiparesis was seen in 60%. Patients with anterior communicating (ACoA) aneurysms demonstrated slight alteration of consciousness and mental changes, such as disorientation, depression, or mutism, and 10 of 14 cases of middle cerebral (MCA) aneurysms showed motor disturbances (hemiparesis) combined with alteration of consciousness.
In the first 23 cases, aneurysm surgery was postponed until angiographic vasospasm completely or nearly completely disappeared, or clinical symptoms due to vasospasm subsided or became stationary. The operation was done 22 to 60 days after the last SAH. One patient with an ACoA aneurysm (Case 18) showed spontaneous thrombosis of the aneurysm and the adjacent portion of the anterior cerebral artery; for that reason, no surgery was done. The patient was discharged with contralateral monoplegia of the leg. of vasospasm, before she underwent aneurysm surgery. Case 20 also received a VP shunt before aneurysm operation, and died from rebleeding 3 days later. Twelve of these 23 patients showed permanent neurological deficits, especially motor disturbance, after disappearance of vasospasm. Eight patients (Cases 24 to 31) died from vasospasm before operation. They all became comatose rapidly after the onset of vasospasm. Autopsy showed marked edema of the brain. In seven cases (Cases 32 to 38) rebleeding from aneurysms occurred. One of these patients died before operation, and two became severely ill and died after operation.
Estimation of the precise duration of vasospasm is very difficult. Reversal of vasospasm symptoms does not always coincide with angiographic evidence of complete relief of the vasospasm, and vice versa. Moreover, angiography was not always performed when the symptoms disappeared. We therefore estimated the end of the vasospasm as dating from the day of recovery of symptoms, even if the later angiograms still showed some degree of vasospasm. When the symptoms became stable, relief or disappearance of vasospasm in angiograms was interpreted as the end of the vasospasm. In the first 17 cases in which no operative intervention was undertaken, the duration of vasospasm was measured until it was shown to be eliminated. It ranged from 8 days to 24 days, with an average of 14 days.
Rebleeding from an aneurysm may occur when the vasospasm begins to subside. This was seen in Cases 33 to 38.
Results of Direct Aneurysm Surgery
The patients in Cases 39 to 68 underwent aneurysmal neck occlusion while vasospasm was still present. Of these cases, 15 The following case illustrates our results with direct surgical attack on the aneurysm. Table 5 Fig. 3 upper left) . Two days later, he became lethargic and delirious. Left carotid angiography on that day showed slight narrowing of the cerebral arteries (Fig. 3 upper right) . He was treated with prednisolone at doses of 80 mg daily. On the 13th day after SAH, he showed slight improvement in his consciousness and underwent direct surgery of the aneurysm (clipping of the aneurysmal neck). The vasospasm became more marked in the angiogram performed on the second postoperative day (Fig.   3 lower left) and right hemiparesis and motor aphasia developed on the following day. Decompressive craniectomy and tracheostomy were carried out. Five days later, his consciousness improved gradually and the vasospasm was seen to be relieved on angiograms performed on the sixth and the ninth postoperative days (Fig. 3 lower right) . At the time of his discharge, 79 days after operation, he had a residual right hemiparesis.
IV
Case 1. This 54-year-old man (Case 49 in
Postoperative Vasospasm
The relationship between the timing of surgery of aneurysms and development of postoperative vasospasm is illustrated in Fig. 4 . Five patients in neurological Grade V were excluded. Of 52 patients on whom surgery of aneurysms was performed within 1 week (before the eighth day after SAH), 25 (48.1%) showed postoperative vasospasm and five died from cerebral edema due to vasospasm. These fatal cases were operated on between the fourth and the seventh day after SAH. On the other hand, there were no deaths among 20 patients who underwent surgery on the first, second, and third day (the first day being the day of SAH), although eight showed postoperative and two (Cases 32 and 34) preoperative vasospasm. These two latter cases had had vasospasm and rebled, and the timing of surgery was counted after the rebleeding. Among 42 patients operated on in *ICA = internal carotid artery, including aneurysms of ophthalmic, ICA-posterior communicating, choroidal, the bifurcation of the ICA and A-1 adjacent to the bifurcation; ACoA = anterior communicating artery; MCA = middle cerebral artery; ACA = anterior cerebral artery. the second week (from the ninth to the 15th day), only three showed postoperative vasospasm and that was not severe. Seventeen patients had preoperative vasospasm (Fig. 4) .
In cases of M C A and distal anterior cerebral (A-2) aneurysms, postoperative vasospasm was usually rather mild and did not result in death or permanent neurological deficits (Fig. 4) .
It is worthy of note that there were always 4 to 11 days between the last SAH and the onset of postoperative vasospasm, if it occurred, regardless of the timing of surgery. For example, the patients who underwent surgery on the day of S A H (three small black circles on S A H day in Fig. 4 ) developed postoperative vasospasm on the sixth, seventh, and eighth day after SAH. The average interval between S A H and the onset of postoperative vasospasm was 6.8 + 1.7 days. It seems that surgical intervention does not hasten the onset of vasospasm.
The following cases illustrate the course of patients with postoperative vasospasm.
Case 2. This 53-year-old woman was admitted on the fourth day after SAH. She was drowsy with moderate neck stiffness. Fourvessel study by Seldinger's method revealed an A C o A aneurysm with unrolling of the anterior cerebral arteries (ACA's) and no definite vasospasm (Fig. 5 upper left) . Lumbar puncture showed xanthochromic cerebrospinal fluid (CSF) at a pressure of 340 mm H20. Her consciousness gradually improved and on the sixth day after SAH direct surgery of the aneurysm was performed through a craniotomy in the right frontotemporal region. At operation, the basal cistern was found to be filled with blood clots, which were removed as much as possible after clipping of the aneurysmal neck. A Silastic tube was inserted into the right lateral ventricle for CSF drainage. She recovered to her preoperative status. On the following day, she became lethargic and left carotid angiography demonstrated extensive diffuse vasospasm (Fig. 5 upper right) . On the third postoperative day, pathological reflexes were elicited bilaterally and right carotid angiography showed severe vasospasm in the cerebral arteries. Tracheostomy was carried out and 500 ml of mannitol was administered. Decompressive craniectomy was performed on the fourth postoperative day. Left carotid angiography on the sixth day after the first operation showed marked shift from right to left of the ACA's (Fig. 5 lower left) . The patient's neurological condition gradually deteriorated and she died on the tenth day after the first operation. Her brain was edematous and diffuse cortical infarction was found on the right side (Fig. 5 lower right) .
Case 3. This 46-year-old man was admitted on the second day after SAH. He was drowsy with marked neck stiffness. Angiography showed an ACoA aneurysm (Fig. 6 upper left) . On the same day, through a right frontal craniotomy the aneurysm was successfully clipped. There was a considerable amount of blood clot in the basal cistern, as much as possible of which was removed and a silicon rubber tube, 2 mm in outer diameter was inserted into the chiasmatic cistern to drain the blood-stained CSF. This drainage was connected with a rubber sac through a three-way stopcock and left for 5 days. A silicon rubber tube of the same size was also inserted into the anterior horn of the right lateral ventricle for ventricular drainage. There was no evidence of vasospasm on the day after operation (Fig. 6 upper right) , and the patient's condition improved remarkably. On the eighth day after S A H , however, he became lethargic and angiography demonstrated vasospasm in the A-2 portions of both ACA's ( Fig. 6 lower left) . The disturbance and disorientation lasted about 3 weeks. Angiography on the 15th day after SAH still showed marked vasospasm in the same arteries (Fig. 6 lower right) . His intracranial pressure (ICP) was not elevated by the ventricular drainage. His consciousness gradually improved, and he was discharged without neurological deficit on the 50th hospital day.
Type o f Vasospasm and Prognosis of Patients
The type of vasospasm varied from case to case, but is related to the location of the aneurysm and exerts a definite influence on the prognosis of patients. We modified the classification of Pool and Potts 46 and divided angiographic vasospasm into three types, namely, Type 1: extensive and diffuse; Type 2: multi-segmental or multi-tapering; and Type 3: local. Type 1 is vasospasm that involves the ICA, proximal part of the MCA's, and the ACA's; these arteries show threadlike diffuse narrowing. Type 2 also involves extensive parts of cerebral arteries, but the affected arteries show tapering or segmental narrowing. In contrast to these two types, Type 3 is restricted to the artery or its branches in the neighborhood of the aneurysm.
These three types of vasospasm are illustrated in Fig. 7 . The types of preoperative vasospasm and prognosis of patients are summarized in Table 6 . Type 1 (extensive diffuse) vasospasm was prognostically the most grave; three patients with ICA aneurysms and five with ACoA aneurysms who had this type of vasospasm died before operation. Type 3 (local) vasospasm usually caused temporary clinical symptoms, and patients with MCA or A-2 aneurysms that elicited mainly this type of vasospasm had a good prognosis. Two patients with Type 3 vasospasm died (Cases 51 and 57); both had ACoA aneurysms and ,422 died postoperatively from reasons mentioned above. The prognosis for patients with Type 2 vasospasm lies between the other two types. Table 7 shows the follow-up results in this series. Two patients with postoperative vasospasm were lost to follow-up study after discharge. Of 94 patients followed, 68 had vasospasm present before operation, and 17 of these died. Eight (Cases 24 to 31) died of brain edema caused by preoperative vasospasm, two (Cases 20 and 36) died of rebleeding, and the remaining seven died after direct aneurysm surgery. Two (Cases 12 and 51) of these seven patients showed severe bleeding from the aneurysm during craniotomy, one (Case 38) was operated on while in Grade V neurological status, one (Case 5) died from postoperative intracranial hematoma, one (Case 57) died because of newly developed vasospasm, and one (Case 33) died of bleeding from the gastrointestinal tracts after clipping of the proximal portion of the vertebral artery. Patients were graded according to the outcome as follows:
Final Outcome
A. Working without neurological deficit B. Working with neurological deficit C. Caring for self D. Bed-ridden. Group B, C, and D patients complained of motor disturbance, aphasia, or alterations of mental functions that were mainly residues of symptoms caused by preoperative vasospasm.
Final outcomes in cases with postoperative vasospasm were very similar to those of cases with preoperative vasospasm (Table 7) . In summary, only about 40% of the total series were in excellent condition without any neurological deficit.
As illustrated in Fig. 4 , 97 patients were operated on within 2 weeks after the last SAH, and 45 of them did not show vasospasm during their hospital stays. Besides these cases, five patients in Grade V and one patient with a vertebral aneurysm without vasospasm underwent direct surgery of aneurysms in this period. The final outcomes of these 51 patients who had not experienced vasospasm in their hospital courses were as follows: Group A, 38 cases (74.5%); B, three (5.8%); C, one (2.0%); D, two (3.9%); and death, seven (13.7%). The mortality in this ,A = working without neurological deficit; B = working with neurological deficits; C = caring for self; D = bed-ridden. group of patients was actually 2.0% (one case), if the Grade V cases were omitted.
Therefore, it could be said that vasospasm had a crucial influence on mortality and morbidity of patients with ruptured intracranial aneurysms.
Discussion
Time Relationship Between SAH and Onset of Vasospasm
According to our data, vasospasm was never found in cases before the fifth day after SAH. There is certainly a lapse of time between SAH and the onset of vasospasm. We have set the onset of vasospasm at the appearance of neurological symptoms in cases with vasospasm confirmed angiographically. On 231 carotid angiograms obtained in 165 cases, including preoperative cases listed here, no angiographical vasospasm was demonstrated in the first 4 days after SAH (Fig. 1) . It has been reported that angiographic evidence of vasospasm can be present without clinical symptoms, x7,27,57 Even in such instances, however, vasospasm may produce neurological symptoms within 2 to 3 days. after angiography) 7 According to our experience, this delay is shorter and at most 1 day. Therefore, whether the onset of vasospasm is defined as beginning when symptoms due to vasospasm occur, or by angiographic demonstration of constriction of the cerebral arteries, does not make much difference.
In contrast to previous reports stating that the earlier angiography is carried out the more frequently vasospasm is identified on ruptured intracranial aneurysm, our results coincide with some recent reports that vasospasm occurs not immediately, but sometime toward the end of the week after SAH, ~,82 or 5 to 13 days after SAH, s7 or 8 to 10 days after SAH. 8 Symon 59 reported that vasospasm could be found in the greatest number of patients in the first week, and that the degree of vasospasm in the total number was greatest in the second week after SAH.
Brawley, et al.fl showed in their experiments on dogs that vasospasm due to SAH was biphasic and that its chronic phase began at 2 hours and was maximum at 72 hours after SAH. In our experimental vasospasm in dogs, chronic spasm appeared nearly at the same period, but did not produce any neurological symptom. These results seem to support the statement that vasospasm is most marked in the first week after SAH. Our finding that clinical vasospasm was delayed in occurrence for 4 days or more could be explained as follows: vasospasm identified in cases with SAH caused by ruptured aneurysms is different from experimental vasospasm. One of the causes of vasospasm may be extravasated blood TM and its subsequent breakdown products. ~~ It may take some days for them to be produced 4~ and to irritate the muscle of the vessel wall to cause vasospasm.
Odom 42 suggested the possibility that there might not be a biphasic response in humans; in 18 cases vasospasm could not be identified in angiograms obtained during rupture of aneurysms or within 48 hours after SAH, but was shown on second angiography done at least 4 days later.
Surgical Treatment of Patients with Vasospasm
It is generally conceded that cases of ruptured aneurysm with vasospasm are poor candidates for surgical treatment regardless of their condition. However, we have tried to operate on patients who demonstrated vasospasm clinically and angiographically, when disturbance of consciousness due to vasospasm began to improve, usually more than a week after the onset of vasospasm. We found that operative interventions did not aggravate the vasospasm clinically and angiographically in: these cases, although vasospasm may have resolved in the affected proximal portion of the cerebral arteries and appeared more distally (Cases 44, 52, 55, 56, 58-60, 63, 64, 66) . In other words, vasospasm did not recur at the same portion of the cerebral arteries once it had begun to subside. This could be explained by the fact that the vascular components are disorganized following prolonged vasospasm (myonecrosis of the media of the vascular wall), ~,~~ so that they may not be able to contract.
Odom .2 reported that vasospasm became mild postoperatively in six out of seven cases with preoperative vasospasm. Clarisse, et al., ~1 found, to the contrary, that vasospasm became more severe after operations in 15 of 21 cases, and eight patients died. This discrepancy may be explained by our experience that the subsiding vasospasm (usually about 1 42,4week after its onset) can never be aggravated, whereas progressing vasospasm will be aggravated by surgical interventions.
We believe that aneurysm surgery is indicated when disturbance of consciousness due to vasospasm begins to improve, even if the vasospasm is noticeable in angiograms, or when vasospasm is quite localized. Surgery should be postponed when extensive vasospasm is still in its initial stage. Therefore, the optimum time for direct operation on aneurysms with vasospasm will be the second week after the onset of the vasospasm if the patient's condition is improving. Rebleeding may occur when vasospasm subsides (Cases 33 to 38), and the danger of rebleeding should be always taken into account if the operation is postponed beyond the optimum time.
Type of Vasospasm and Its Effect on Prognosis
The classification of vasospasm found in the literature ~2.88,52 into "local" (extending up to 2 cm) and "diffuse" (more extensive) is too simple to apply to the prognosis of patients. We divided vasospasm into two types (local and extensive) with regard to its extension, and the extensive vasospasm we further classified into diffuse (thread-like) and multisegmental or multi-tapering. The cerebral arteries at the point of branching seem to be resistent to vasospasm, and therefore, the arteries show segmental or tapering shapes. The cerebral arteries, however, may become narrowed throughout their length when vasospasm is of the severest degree. Simeone and Trepper 54 concluded that narrowing of the cerebral arteries first produced clinical symptoms due to ischemia when their lumen reduced to less than 50% of their original caliber. This was also true with most of our cases. When slight narrowing (only 30% reduction of the lumen of the cerebral arteries) is counted as vasospasm, it may have no significance on the clinical courses of patients with ruptured aneurysms. Vasospasm should be carefully analyzed as to degree.
The extensive diffuse type of vasospasm was most grave for prognosis of patients, and all patients who died of brain edema showed this type of vasospasm in their angiograms. The local type, on the other hand, always produced only temporary symptoms. The multi-segmental or multi-tapering types of vasospasm did not necessarily carry a bad prognosis, even though they were extensive.
Vasospasm seems to follow three stages angiographically: beginning, maximum, and relaxing. In addition to the three types of vasospasm mentioned above, distal portions of the ACA's and branches of the MCA's often demonstrated "nodular appearance" (resembling the multi-segmental type). "a This type of vasospasm was usually noticed when thread-like vasospasm of these peripheral arteries began to subside; it was seen between 7 and 21 days from the onset of vasospasm in 13 of our patients who were recovering. Therefore, this type of vasospasm has little clinical significance.
Treatment of Ruptured Aneurysms in the Acute Stage
For cases with ruptured intracranial aneurysms in the acute stage, or under influence of SAH, the question of whether to operate is a controversial problem. More attention is now being paid to the neurological grade of the patients and timing of operations. Drake 17 remarked that cases operated on within 3 days after SAH had "terrible" results and wrote "It is probably true that if we could learn how to keep a patient safe from rebleeding for a week or longer, the problem of surgery of ruptured aneurysm would be solved. ''16 Table 2 shows the results of direct aneurysm operation in our series within and after 1 week following the last SAH. It is evident that surgery done after 1 week showed good results (the mortality being 3.9%). In cases operated on within 1 week, postoperative mortality occurred exclusively between the fourth and seventh day after SAH.
Johnson, et al.) ~ advocated early operation to remove the subarachnoid clot that might maintain vasospasm. Poop b also recommended early surgery to prevent vasospasm. Some authors ~6a~ reported that the operative results were good in cases in preoperative Grades I and II and asserted that these patients should undergo surgery as soon as possible. Decker, 1~ on the other hand, commented that surgery was usually delayed until the end of the second week following SAH because vasospasm developed toward the end of the first week after SAH and delayed surgery could eliminate this factor. Slosberg 6s reported that nonoperative treatment with induced hypotension was the best therapy for patients in this stage. The Cooperative Aneurysm Project found that treatments randomly allocated, including direct operations, cervical carotid occlusion, induced hypotension, or regulated bedrest, produced no definite difference in results. 61 Antifibrinolytic agents with or without induced hypotension was advocated to postpone direct operation on aneurysms in the acute stage tintil the influence of SAH subsided. ~3a~,'l,4s We also tried to postpone the operation for patients in high grades during this period with administration of Trasylol which is a proteinase inhibitor. 6," Four of 21 cases with this therapy showed rebleeding and one died. The evaluation of these medical treatments has not yet been established.
In reports of operations in the acute stage the interval between SAH and operation was not always clearly mentioned. Few authors I. Saito, Y. Ueda and K. Sano discussed postoperative vasospasm. Allcock and Drake ~ reported frequent appearance of vasospasm in cases operated on within 10 days after SAH and postoperative vasospasm was identified in 71% of cases with unsatisfactory outcome and in 27% with satisfactory results. Odom "2 found postoperative vasospasm in all cases (five patients) operated on within 2 days after SAH. Brice' reported that postoperative vasospasm appeared a few days after operation. In our present series, fatal postoperative vasospasm occurred in patients operated on between the fourth and seventh day from the last SAH. By contrast, in all our patients operated on within 3 days after SAH the intervention was well tolerated except for patients in Grade V; these patients could reasonably be excluded from discussion because they were already in grave condition due to severe SAH. In our patients operated on within 3 days after SAH (on the first, second, and third day) the postoperative vasospasm was mild, if present. The results could be explained as follows: it is not easy to forecast whether postoperative vasospasm may occur in each individual case. But, in cases in which the basal cistern or the subarachnoid space around the aneurysm was found to be filled with blood clots at operation, vasospasm was always seen to some degree postoperatively. On the other hand, postoperative vasospasm was never elicited in cases in which the cistern or the subarachnoid space was free from blood clots and the cerebral arteries were not exposed to substances causing vasospasm released from clots as they lyse2 ,'2 The vasospasm-causing substances may probably be produced in the latter half of the first week after SAH and the cerebral arteries are inclined to vasospasm in this period. Therefore, operations between the fourth and seventh day after SAH enhance the anticipated vasospasm. In operations performed within the third day after SAH, on the other hand, extravasated blood clots could easily be removed by suction during the operation and by continuous postoperative drainage via the basal cistern before the degradation of blood clots occurs. One of the causes of cerebral vasospasm could thus be removed from the area of the cerebral arteries, and the postoperative vasospasm is not apt to develop. In cases in which postoperative vasospasm occurred in spite of removal of blood clots from the basal cistern,
